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Physical Metallurgy «^a P uns fhysxcocnemi- 
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■e metallic vanadium A 
Iqation 5nl; ulte  i ■ee* J ]-j 11 

alloys h ■not been su. . 1 X c 
lute   lac n o: ? ' d ata  or i  t'. 10   p 

Hum 

become more available for in- 
y, so that the structure of 
lently studied. . There 'is an- 
hysieomeshanical properties z 
with tee rare-earen mc'caxs. 

pia; 

of  the 
i   micros 
ic anal; 

were  mej 

■ai 

;i  with  the  purpose   of  con- 
e-La alloys.     For  this,   use 
"iiai ardj   for  certain alloys, 
r dressy   micro-hard nee a  and 
1 alloys  of  vanadium -with 

lhe  basic materials  used'were   carbot her rial  vanadium 
(99-3d V)   and  95o>c pure  lanthanum.     The  vanadium  contained 

oiXownnK   basic  acinxxi npm e. u.u^?v> ii, vuitfvx-) r 
and not mere than 0,2£ metallic admixtures; lanthanum 0.04; 
Pe. heavy metals (fb. Cd, Bi, Sn) less than 3 * 19 ~4A; 
remainder, the sum of rare-earth elements, chiefly cerium. 

The alloys were melted in an arc furnace with a non-con- 
sumable tungsten electrode on a water-cooled copper bottemi 
in a her*urn atmosphere (0.5 at) after evacuation to 10 ~^  rura 
of mercury and flushing of tee furnace with helium.  Before 
melting each alloy» a getter of titanium iotli.de was melted 
no  i on  aOv.i.L L x.ot 
oi 

nl are11 xca ex on  o:i 1. f : c;.!.    L      fi d u>  . 1! i T-      '_ i id J. j-- s~ 

consisted of small pieces of vanadium and lanthanum, 
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The latter, before being vieighed, -was carefully cleaned 
ether of the on in v «hieb it was kept.to protect !■ 

.nro„r]  oxi'ia-1 on. and striDped of the surf act oxioe .cum on 
r,t/'fI^fv"^r-""^*-Cl-.v>,  To secure uniform composition throughout 
the~'ln?ot Teach' alloy was subjected to a quadruple revolting. 
Thf» duality of the melts was checked by measureing cne naro.- 
neWof the control sample of titanium iodide.  This rneenoa 
iVverv sensitive, since the hardness of titanium uepeeas - 

■very greatly upon the oxygen and nitrogen concenc m:> u U/- 

To obtain alloyc with low lanthanum content (lese than 
*,i).   8  binder (2.5# La) was first prepared, weich aner^ 
hiic^l analysis was then introdueeo into the pure vanaaium, 

Or 

nmis  chemical analysis  of   the  ailoye  oot-axneu   -:>  b"^/^ 
T8bl-  1.     Some  alloys   (UP to k% La)   after quadruple im-tins 
vie«A  poured 3n  the  arc  furnace  into moloe  tor  ö.,;d*x i oo.o  Ox 
cqüere'crosB-section   (10 x 10 mm.)   by means  of a  special 
hearth. ' '       . 

Tn« alloys containing more than O.tyä La oxidized very 
sf-r>nna,lv 1n air, Hence, the samples were kept m vacuum 
ollV°The allovs with a  smaller lanthanum content aiu no. 
oxidize at room tempera cure 

[Text continues on page k.j 
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Table k 
Composite o*n of 

and 
Vanadium loys of 

ermal-Analysls Data 
with Lanthanum 

C l) 0OCT-3K cnastBOB, % 
^ — ft) 

fO, )   flO BIHX.T« 

V La La 

tOo — 

m,Q 0,1 
ft0,8 0,2 
U«, 7 0,3 
99,6 0,4 
09,5 0,5 
08,3 0.7 
<*ft,0 1,0 
98,5 1,5 
§7,0 3,0 
96,0 4,0 
ii5,0 5,0 
lö,5 6,5 
-«5 15 
80 20 
70 30 
65 35 
50 50 

60 
it) 90 
5 95. 
0,5 99,5 
_„ • 100 

0,07 
0,14. 
0,23 
0,37 
0,47 
0,77 
0,80 
1,3 

3,89 

(5) 
TeMiicpa- 
Typa co- 

■„•niflyca, °C 

1880 
1844 
1 etc* ** 

1752 
1710 
1880 
1684 
1678 
1680 
1688 
1680 

1672* 
1680* 

1684s 

V: £ Teuneps- 
Typa 3JHK- 

1880 

1S70 
1870 
1808 
1808 
1730 

rypa oßpa 
eosaBEH 

TeMBepa- 
taypa oopa- 

SOBaSBR 

pacrsopa,   pacTBOpa, 

900 
898 
895 
8S7 
890 
890 
890 
887 
885 

710 

700 
700 
707 
700 
700 
700 

685—700 
675 

Legend:     (1)   Composition       (2)  By charge     (3)  By Chemical 
of alloys fc 

(<4)   Soildus 
temperature 

(5)   Liquidus 
Temperature 

Analysis 

(6) Temperature 
of formation 
of P  -solid 
solution 

(7)  Temperature 
of formation 
of <K »solid 
solution 
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"* Samples were cut out of $ -layer of alloys. 

Mitt^Lr^ OF' ALLOYS 

OI    ZfiC    c 
two  3bar 
alum«   a nö  ; 

"1   "1   Ay'--! 

C5   j -;/• p><~'- ;."^       ;-"i,OT'po   ! *r; •""{      *f *;:i *v ■* '(•*"< **5 f~ *i 1.x tji'u a c o u.!. c 

/ separated layern;  a  ,/ -lanlvie . ric 
c<-lamina j rich in lanthanum.  The 

lying mainly along the boundaries of the polyhedral grains. 
In the ^»lamina, drop-shaped light-colored inclusions, 
rich In vanadium and not connected with the basic structure. 

mssemsssm -, ....,.-: ÄK« Kl 

« 

. i^C^lf- Vt* 

im .., v-v ■"«**' - *..   ■ * -. 

x»'«^*.#».. =f»$^aBQBmaw «^ v* i * 
III 

Vm-4»'L ■*'#*■?■' 

fc 

In'  ,^. 

.LfOii rt i JO 

Microstruoture of Alloy ^xlOO) of Vanadium with 
Laiithanun; (pO/5 V, ■y-j'p  La) from Area of Laminat! 
(Roastect stete, Ltehlng KP '+  y;i  HhO^): 
A«  of ^-lamina;  B.  of ^ -lamina I 

ÖOUV ;vvo laminas of alloy. 
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are £« Hl.cr'Osti'uetuX'e of Allojs v.% 100j 0)  ' 

Legend: &} 100"' V; b) 0.07)2 Ls;' c) CUl'l* L'i; 
0 )    0 , iJ'')!,*: i.j5 

'CoTXz.uj.-ia  next, oa,ie 
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Figure 2, Continued;    e) \.% La; and f) 3*89$ La. 

In  the  alloys  containing  less  than  k% La,   no  lamination 
is  observed.     These  alloys  are   two-phased  in  the   cast  state. 
No  traces  of  lliirlnation were  detected either' in examining 
the riiccrostructune and micros try cture  of  the  alloy with 
'zi ;j ' 'J'P  •!•'-- • 

Homogenising roasting of all the alloys in evacuated 
quarts ampules for 100 hours at 800° did not change the 
structure of the alloys, except for the alloy with 0.075g 
La, which became one-phase (Fig. 2,b). 

Thus-, in the vanadium-lanthanum phase diagram there is 
a wide area of noe-nnincibility in the liquid and solid state; 
The 'boundary of this area on the vanadium side lies bet-ween 
4 and fjf?o  La., and on the lanthanum side between 95 and 99•d'p 
La.  The presence of a clear dividing" line between these 
two Layers after roasting indicates the absence of interme- 
diate phases between them (see Pig. 1).  The roasting of 
the cast two-phase alloys rich in vanadium resulted in the 
coagulation of the small inclusions of the second phase alore 
the boundaries of the-grains of.the solid vanadium solution 
[rxg,    a,    0-± )  . 

From a comparison between the microstructure of the alloy 
■with 0 .OJ'p  La and those of vanadium and the alloys with a 
larger lanthanum content it may be assumed that the solu» 

- L 
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Flgura 3:    Kicrostractvre of Alloys (X 100) ÄIoh in Vanadium, 
AnnejJ&d (Etching K! % HNO-s:  Anneal» 

ing Temperature Indicated in   Parentheses)« 

Legest ' a)  0.?£ la  (1100°) j    b)  QAM La  (1100<>); 

c) 0.1*$ La (1500°)$ d) 0,23* La (1500°); 
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Figure 3. Continued; e) 0.37$ La (1500°); f) 0.1*$ La (1650°); 

g) 0.3?^ La (1650°); and h) OMi La (1650°). 

bility of lanthanum is vanadium, at room temperature is about 
O.ljg La- Roasting the alloys rich in vanadium at 1100 for 
100 hours results in a certain growth in the grain and 
further coagulation of the second phase. 

he investigation of the micorstruct-are of the alloys 
rich in lanthanum required special, methods of preparing 
slides, which were polished on a cloth moistened with alco- 
hol and were photographed immediately after preparation and. 
etching (1-2 minutes).  However, this did not always produce 
good-quail ty-; photos. Examination of the microstructure of 
alloys rich in lanthanum did not give positive results owinj 
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"to the oresence in the lanthanum of admixtures forming 
' eutectic with it. The structure of these alloys can only 
te"judged'from the data on the thermal analysis and their 
properties.   . ■ 

To determine the limit of solubility of lanthanum in 
vanadium in the solid state phase mieroetructurai- analysis 
was employed.  The roasted alloys with a ^lanthanum content, 
uo to II were kept- in a vacuum and heated by passing a 
r»urr'Rnr' through them at 1100, ipüü and l6p00 for 10 hours, 
1 hour'"arid 30" ;rdnutes, respectively, and were annealed^from 
these temperatures in water on a special installation for' • 
determining the melting-point and annealing refractory alloys, 
^hi-> inVi c  solution w^s fixed in alloys containing up co ^ 
n'vli.  nn at I'lOO0, np to 0.^7% La at 1500°, up to 0.47/& La 
at"lc50° (Fig, _3). 

At these temperatures the alloys with larger lanthanum 
content were two-phased.  The micrcstructaral_ phase ^ana- 

■ lysis data Indicate an increase in the solubility of lan- 
thanum in vanadium with increase in temperature. 

•THERMAL ANALYSIS 

The melting point of the refractory alloys rich in vana- 

,i 
M<\™  w-"s dete^vvined by the drop mstnoci with the aid of an 
o-r-cal nvrometer in a vacuum on the above-mentioned insta,. 
lpt1 on. lThe samples were heated by passing a current tnrougn 
tbpp fvom an 03U-40 transformer.  The pyrometer was grad- 
uated under llke-tyoe conditions by melting points of me  _ 
pure metals (nickel, titanium and zirconium).  Tee inciprenc 
fusion point was fixed by the appearance .of a drop in the  __ 
rK^e^ior; of the samele LVn^iA), the end temperature or 
p-'ioio*-; at tae moment of the breaking of contact in the male- 
ing of the samples at the place of weakened section.  The 
thermal analysis data are given in Table 1. 

The introduction of up to 0A$  lanthanum into the vana- 
dium results in a sharp lowering of the incipient fusion^  . 
noint o-r alloys (from i860 to 1630°),  further increase in 
the lanthanum1 content does not change this.  The bena in ^ 
th» sol inns curve corresponds to the maximum soluDiliey oi 
lentaynuil- in vanadium at  1680° . . The tioiuidus line also 
dronn w*i-h increase in lanthamum content, and at a content 
ofTto ppm La the melting point is lo80°, which corresponas 
to their monotectic equilibrium,' 

The thermal analysis of the alloys rich in lanthanum was 



•done on a Kurnakov pyrometer with the use of a standard 
plati.num-platinorhodi.um thermocouple in evacuated quarts 
ampules £ see*Table 1).  The alloys wore cut up into small 
pieces ana put into the quartz ampules, from which the air 
was pumped out,  Then they were heft ted to 1100°, whereupon • 

t:hp   nllr.vp,   containing   fl'Oiil   30 only  the oi •' i.ai'iU. i Ic me L.ÜÜ 

to 
T n 

95?S La, while the refractory 
c! X. J~ C t' 

3  --lam Ten U1 ;QAO \ '■ema 
.d The conversions undergone by the o^ 

-lamina were recorded while cooling at ate or a minute, 
Two bends are observed en each of the cooling curves ob- 
tained,, which were recorded not less than two times for each 
alloy.  The first cend on the cooling curve for pure 1 
thanurn, at 8830, corresponds to its me: Dome 

A '■) ~ 

for all 
rst bend observed at Ö90 whicn. appar- 

solid lanthanum 
observed second bend, 

curve of lanthanum of the given degree of 

the alloys, the ni-^ 
ently corresponds to the formation oi 
solution by anatectic reaction.  The 
on the coolin 
purity at 675°, corresponds to its polymorphous conversion, 
which"coincides with the data in the literature (1).  in 
alloys containing from 30 to 95$ La, the second bend is de- 
tected at ?00°; in alloys with 0.5$ V the beginning of the 

' the curve is at 685°, the end at benci 
peratu.ro 

7Q00' tem- 

coiu the solid state of ,..,      apona to the conversion in 
the cubic face-centered lattice of the   ß-solid lanthanum 
solution into the hexagonal lattice of the <X -solid solution 

anatectic reaction: )f+ -ß£2  °<''  Thus, the vanadium 
ises the temoerature of the polymorphous conversion of 

the lantnanum Dy 25% and. the melting point byJ> The low- 
cemperature conversion of lanthanum (about 30°°)5 which 
takes place according to the literature data (2, 3),- was n 

detected by us. 

MECHANICAL PROPERTIES 

Figure 4 shows the data on hardness and plasticity of 
rcaste'd alloys under compression.  Small additions of lan- 
thanum produce an increase in the hardness of alloys owing 
to the formation of a solid solution and then a dispersion 

re tree 01 
constant 

the second phase.  Here the plasticity, remain- 
in the limits of the solid solution (0.1$ La), 

j. 1 i 1 

diminishes sharply with the appearance of the second pnase 
in the .alloys, clearly confirming the limit of solubility of 
lanthanum in vanadium detected by microstructural pnase ana- 
lysis.  With a further increase in the lanthanum content, the 
hardness sera dually diminishes, and the plasticity' increases, 
which is apparently to be explained by the increase in the 
quantity of the softer second phase. 

-10-* 



Fpon passage into the area of lamination '("h-5%  La) tm 
hardness of th.e lamina of the 5 -solid solution cont 
to diminish evenly to a certain limit (200 kg/sq mm), 
beginning with 2Geh La, does not; change with an Inerea 
the latbarium content.  The hardness of the lamiu-a of 

CK --solid solution- drops from 54 kg/sq mm for an all 
20$ La to 40 kg/sq mm, which remains unchanged up to 
La'. The hardness of the ex. -solid solution of the a 
is somev;hat greater than that of pure lanthanum (37/4 
mm) , .which confirms the presence of a certain solubil 
vanadium In lanthanum. 

inues 
which, 

se in 
the 
oy with 
dr • Dp 
Hoys " 
kg/sq 

ity of 

HHr kef MM 

"8 3.5 ,   t,0        13 

Content of La, °p 

4. .Properties of alloys of vanadium with lanthanum 
in the roasted state: 

lardness HK ; .2. plasticity under compression f CT 

X-RAY STRUCTURAL ANALYSIS 

The X-raying of alloys containing 0,23 and 1.3P La vjas_ 
done from oewders in an' RKD chamber on copper radiation w.J 

filter. The computation of the radiographs conxlrmep; the 
nresence in the alloys of two solid solutions: a .6 -soli 
tlon. rich in vanadium, with a volume-centered cubic lattl 
end an  &<  -solution, rich in lanthanum, with a hexagona. 

. -11-« 



1 
lattice. Because of the blurring of the radiograph lines, 
ncTorenjW measurement of the parameters of the lattice • 

" the lattice parameter of !»jg g rrscie . The tentative vaiue oi 
the estreated'  )f »solid ^solution is a - 3-037 i ^ The vana 
dlnm le+tiee parameter (X-raying was done under the aane 
conditions), is a s 3-032 £.  Thus, tne introduction or 
lanthanum into the.solid solution results in a certain in- 
crease of the vanadium lattice parameter. . 

A comparison betv/eer. the radiographs of lanathanum^ and 
t-he allocs alfr-! eonfirme the presence In the alloys oi* a 
lav thanu^-base solid solution.  Dissolving vana en.urn m j.ar, 
tna^-um -eBultB in a certain distortion of the lanathanuny 
lattice (c/a = 6.016 for lanthanum, 6.020 for the alloys). 

■ >v--v-  pbasft Bagram of the alloya of the vanadium-Ian« 
ten: constructed by us from the entirety oi tne 

t- i 'CA I .! 

exnerimental data is given in Figure ej>. 

S7S* 

Pi ß lg. P PI- rase  diagram of the Vanadium-Lanthanum Alloy; 



CONCLUSIONS^ 

1. A chase diagram of V--Ls has been constructed. 
2. A  a ids area of lamination in the liquid and solid 

93™99»3y lanthanum. 
3»  .LantnanuR ano vanadium iorni ai^eas QL   .».irna oaf...SOXJLC 

solutions.  Tne limit of solubility of lanthanum in vana- 
UiUiu   ci I    civ./       -1, -j    uUuui.    '-' . ->.,...' ,        r;-. vi)    J.IJ^J. ... G* ^ J. . < £ ■   ^ ■-.>.,. ;_-'>..-x 0 ou..t - , 

the solubility of lanthanum in vanadium grows, reaching E 
maximum (0.99) at 1.660°.  The solubility of vanadium in 
c< - ana  & -ianthanun is eess tnan O.^'p  \<  ana also J-; 

ireascs u: v i Bin a; temperature 
A   la; aria nun-base      Jjjt » O i i Ü  n ü ,u li v I O i J  J. l'> 

fma^^iif- --pRction 2h 4 y -^ £f ..at ban0 i  tne  oc„ -soina 
scansion cy anareciuc reactaon &   <    \-   ,^.„,-   <>s     at, (Ou . 

5. Small additions of lanthanum considerably increase 
the hardness of vanadiuh, without lowering its plasticity 
in the limits of the solle solution, ■ . 

6, Alloys of vanadium with lanthanum containing over 
0,ii-0.hn lünohanunuby weight are no+ stable in air. 

"i V«       a      -~"-:- \-"' t e-.kd -:r •    V] i ifnr.Uro    i'C^TOe Vf\ t'O'r V   na    i'i'iek- 
haniehesklye svoystva metallov_ i soiayoy (ni'fecc 
cu"iÄe9iir^^ of 

Metals ant Alloys), Publishing House of the Academy 
of Sciences USSR. 1997. 

f.  Progress inhuclesr Eneryy, Ser, V, Met. Fuels, Cho; 
lic-Graw-Hill, No. k-s   Peryascn Press Ltd, Led, 1956, 

1.  tuK. Soeddina, A hi. Dann. K.W. Herrmann.  c 
"■  9(1), Sect. in 1957-. 
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